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We report on inclusive Xc production in Z decays reconstructed via the decay mode Xc J 4* y. This analysis is 
based on 1.1 million hadronic Z events. Interpreting the observed signal as Xc\> we obtain a branching ratio Br(Z —► 
Xc\ +  X) =  (7.5 ±  2,9(stat.) ±  0.6(sys,)) x 10“ 3. Assuming all events are produced in b decays we obtain Br(b —► 
Xc\ +  X) =  (2.4 ±  0.9(stat.) ±  0.2(sys.)) x 10~2. We also present an improved measurement of the branching ratio 
Br(Z —► J +  X) =  (3.6 ±  0.5(stat.) ±  0 .4 (sys.)) x 10“ 3, obtained from dileptonic J decays.
1. Introduction
The dominant mechanism for production of cc 
bound states in Z decays is expected to be
1 Supported by the German Bundesministerium fur 
Forschung und Technologie.
2 Supported by the Hungarian OTKA fund under contract _  _
number 2970. e + e~ —► Z —> bb; b (b )  —► [ce] +  X . (1 )
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b. _______________________  c
Ss \
q------------------------------------------------------------ q
Fig. 1. Diagram for b(b) —► [cc] + X.
The latter decay proceeds mainly through the in­
ternal W emission diagram [1-4] shown in fig. 1, 
where the c and c have to match in color. The pro­
duction of cc bound states in B hadron decays of­
fers a unique opportunity to study the interplay be­
tween weak and strong interactions. The production 
of Xd and rjQ mesons in B decays is expected to arise 
through axial currents, whereas J and y/' production 
proceeds via vector current coupling. If soft gluon 
exchange is neglected, the production of Xco and Xci 
states in b decays is forbidden [1,2], Recent results 
from ARGUS [5] on the inclusive branching ratio 
Br(B —► Xc\ +  X) indicate a value higher than that 
predicted [1,2],
In this paper, we report on an analysis performed 
on data collected with the L3 detector. This data cor­
responds to a sample of 1.1 million e+e~ —> hadron 
events, recorded in 1990, 1991 and 1992 at ^  M z, 
The decay of Xc into J +  y produces a photon of en­
ergy in the range 0 to 8 GeV in the laboratory frame. 
We describe the selection of J candidates and present 
an improved measurement of Br(Z —► J +  X). With 
these events we reconstruct Xc mesons and measure 
the branching ratios Br(Z —> Xci +  X) and Br(b —► 
Xd +  X).
2. The L3 detector
The L3 detector [6] consists of a central track­
ing chamber (TEC), a high resolution electromag­
netic calorimeter composed of bismuth germanium 
oxide (BGO) crystals, a barrel of scintillation coun­
ters, a uranium and brass hadron calorimeter with pro­
portional wire chamber readout and a high precision 
muon spectrometer. These detectors are located in a 
12 m diameter magnet which provides a uniform field 
of 0.5 T along the beam direction. The material pre­
ceding the barrel part of the electromagnetic detector 
amounts to less than 10% of a radiation length. The 
energy resolution is 5% for photons and electrons at 
energies around 100 MeV and is less than 2% for en­
ergies above 1.5 GeV. The angular resolution of elec­
tromagnetic clusters is better than 0.5° for energies 
greater than 1 GeV. For the present analysis we use 
data collected in the following angular regions: 
central tracking chamber: 40° < 6 < 140°, 
electromagnetic calorimeter: 42° < 6 C 138°, 
hadron calorimeter: 5° < 0 < 175°, 
muon spectrometer: 36° <  6 ^ 144°, 
where 6 is defined with respect to the beam axis.
3. J candidate selection
The trigger requirements and the selection criteria 
for hadronic events containing electrons and muons 
have been described elsewhere [7]. Muons are identi­
fied and measured in the muon chamber system. We 
require that a muon track consists of track segments in 
at least two of the three layers of muon chambers, and 
that the muon track points to the interaction region. 
Electrons are identified using the BGO and hadron 
calorimeters, as well as the central tracking chamber. 
We require a cluster in the BGO that is consistent 
with the shape of an electromagnetic shower, as de­
termined from test beam studies. To reject misidenti- 
fied hadrons, we require that there be less than 3 GeV 
deposited in the hadron calorimeter in a cone o f half 
opening angle 7° behind the electromagnetic cluster. 
The charge of the electron is determined using the 
TEC.
In the laboratory system, the decay J —* i + i ~  typi­
cally results in one high and one low momentum lep- 
ton. We therefore select leptons with a momentum 
larger than 2 GeV, rather than the usual 3 or 4 GeV 
criterion used for other analyses [8]. We require the 
opening angle between two oppositely charged lepton 
candidates to be smaller than 90°.
Muon and electron pairs passing the above cuts can 
also arise from several different background sources. 
The dominant source is the semileptonic decay of a 
b hadron to a c hadron, followed by the semileptonic 
decay of the c hadron. Other sources are: a prompt 
lepton from a b or c hadron decay, accompanied by 
a misidentified hadron or lepton from K or n decay;
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a misidentified hadron with a lepton from K or n 
decay; and two misidentified hadrons. All these pro­
cesses tend to give masses below that of the J. The 
background processes are simulated using 106 five fla­
vor Z -+ qq Monte Carlo events produced using the 
JETSET program [9 ]. The acceptance calculation was 
based on the fully simulated JETSET Monte Carlo b 
flavor events, imposing the decay chain b —► J +  X 
followed by J —»• £ +£~ for one of the b hadrons. The 
acceptance for J —> ¡i* pT  is sj =  0.25 ±  0.017 and 
is mainly determined by the angular coverage of the 
muon chambers and the absorption of low momen­
tum muons in the calorimeter. The acceptance for 
J —> e+e” is not only limited by the angular cover­
age of the BGO barrel electromagnetic calorimeter but 
also by the specific isolation requirements imposed 
by the electron selection criteria. The acceptance for 
J —> e +e” is calculated to be gj =  0.12 ±  0.01.
4. Determination of Br(Z~-> J + X)
The measured invariant mass distributions of the 
//+//~ and e+e~ pairs are shown in fig. 2. We fit the 
invariant mass distribution in the mass region 2,0 < 
M i+ l-  < 4.0 GeV with a Gaussian for the signal and
an exponential function for the background. In the fit 
we constrain the standard deviation of the Gaussian 
width to the Monte Carlo value of 148 MeV for the 
¡i*fx~ channel and 75 MeV for the e+e” channel. As 
can be seen from fig. 2, the shape of the background 
is well reproduced by the simulation. We find 87 ±  13 
J —> /z+ ¡ r  events and 34 ±  1 J —► e+e_ events. The 
mass value of the J is found to be 3064 ±  23 MeV for 
J -> ju+/r and 3066 ±  16 MeV for J -> e+e~.
To determine the branching ratio Br(Z —> J +  X) 
we include our selection efficiency and measurements 
of the total and hadronic widths of the Z [10] and 
the measurement of Br(J —► = 0.0590 ±
0.0015(stat.) ±0.0019(sys.) from the MARK-III ex­
periment [11].
We find
Br(Z-> J +  X)
=  (3.9 ±  0.6 (stat.) ±  0 .4 (sys.) ) x 10~3 
from the p r  channel,
Br(Z -+ J +  X)
= (3.1 ± 0 .7 (stat.) ± 0 .4 (sys.)) x 10~3 





















Dilepton Invariant Mass (GeV)
Fig. 2. The invariant mass distributions of / i+ p ~  and
e+ e pairs.
Contributions to the systematic error on Br(Z —> 
J 4- X ) are obtained by changing the fitting method 
and by varying the selection parameters by their er­
rors. Combining the two measurements and taking 
into account common systematic errors, we obtain the 
branching ratio
Br(Z~> J +  X)
=  (3.6 ±  0 .5 (stat.) ±  0.4(sys.)) x 10 3.
Assuming that all J mesons are produced via b 
hadron decays, the branching ratio Br(b -»• J +  X) 
can be deduced [12] using the L3 measurement o f  
r bE [8]. We find
- 2= (1.16 ± 0.16(stat.) ±  0.14(sys.)) x 1 0  .
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5. Xc candidate selection
Inclusive Xc meson production in Z decays is ob­
served via Xc —» J +  y. In this study thé J is recon­
structed using only the J —► ¡i* fi~ channel. We use 
the selected sample of J mesons with muon pairs hav­
ing an invariant mass 2.8 < < 3 .4  GeV.
A photon candidate is defined as an isolated energy 
cluster in the BGO having a shape consistent with 
an electromagnetic shower. We further require that 
there be no TEC tracks pointing to the cluster within 
20 mrad in the r-<j> plane and that the energy of the 
cluster be greater than 1 GeV. We further exclude all 
photons which result in a two-photon invariant mass 
compatible with that of a 7i° mass within 3a of the 
BGO resolution (æ 7 MeV) [13].
We require the opening angle between the J and the 
photon to be smaller than 50° in order to suppress 
the combinatorial background. Fig. 3 a shows the re­
sulting mass difference (A M  =  M jy — M j). Since the 
production of Xco and Xc2 is expected to be suppressed 
in b decays, we interpret the enhancement of events 














Fig. 3. The A M  Distribution for (a) Data and (b) Monte 
Carlo background shape. The peak in the data is interpreted 
as a Xc signal.
r—1—I—m—i—I—I— —I—I—\—I—I—I—]—;—r
(b)
MC: b -4 J + X
.0 0.4 0.8 1.2 1.6 
M(J,y) - M(J) (GeV)
mainly from J mesons paired with photons produced 
either in the b decay chain or in the fragmentation 
process. This background is simulated using JETSET 
Monte Carlo b flavor events, requiring the decay chain 
b —> J 4* X followed by J —> jLt+ pt~ and then recon­
structing the mass difference A M  shown in fig, 3b. 
The background from photons paired with dimuons 
from cascade decays has been determined and has the 
same shape as the dominant background. The accep­
tance calculation is based on Monte Carlo events with 
the decay chain b —»x a  +  X followed by Xci ^  J +  y 
followed by J —► The acceptance for this pro­
cess is calculated to be eXcl =  0.10±0.01 [14] includ­
ing the acceptance of the J. Note that the acceptance 
calculation would not change i f x a  were produced in 
b decays and that Xco has a too small a branching ratio 
into J +  y to be detected with the present statistics.
6 . Determination of Br(Z-> Xa + X)
We fit the invariant mass distribution shown in 
fig. 3a with a Gaussian for the signal and a background 
shape as shown in fig. 3b. The normalization of the 
background is left free in the fit. We find 19 ±  7 Xc 
candidates with a mass difference of 445 ±  20 MeV 
and a width of 54 ±  26 MeV. This is compatible with 
the ( X d - 3 )  mass difference 421 ±  3 MeV and width 
31 ±  2 MeV for the Monte Carlo events.
Folding in the geometrical and kinematical accep­
tances, we find
Br(Z —+ Xci +  X)
-  (7.5 ±  2.9(stat.) ±  0 .6(sys.)) x 10~3.
The sources of systematic error are the fitting method, 
the errors on the branching ratios Br(J->^+/z_ ) and 
Br (#ci—>Jy) and the error on the efficiency. The dom­
inant error is from the fitting method, and was de­
termined by changing the fit window, as well as the 
background shape.
If we assume that all the Xc\ are produced in b de­
cays, we obtain
B r(b -+ X c \ +  X)
=  (2.4 ±  0.9(stat.) ±  0.2(sys.)) x 10~2.
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The measured branching ratio for b -> Xc\ +  X  
is in agreement with the value obtained by AR­
GUS [5] (1,23 ±  0.41 ±  0.29) x 10~2, where we 
have recalculated their value using the MARK III 
J —> + branching ratio measurement.
We also compute the ratio
celerator divisions for the excellent performance of 
the LEP machine. We acknowledge the contributions 
of all the engineers and technicians who have partic­
ipated in the construction and maintenance of this 
experiment. We would like to thank Prof. J.H. Kühn 
and Prof. R. Rückl for very useful discussions.
1.92 ±0 .82 . References
This ratio which is less sensitive to the color- 
suppression effects, is higher than the theoretical 
model expectation value 0.27 [1,2]. This higher 
value implies that a non-negligible fraction of J 
mesons produced in b decay come from the decay 
of Xc mesons. This ratio has been computed using 
the Br(b —* J +  X) from the /¿+ yT  channel as some 
systematic errors cancel.
This result has been obtained assuming that only 
Xc\ are produced in b decays. As the branching ratio 
of Xco and X a  to J +  y is smaller than that of Xcu any 
admixture of Xco or Xa> as for example, in the color 
octet model [ 15 ], will only increase the inferred ratio 
of Xc to J.
7. Conclusion
We have observed Xc production at LEP. Using the 
decay channel Xc —> J +  y, and attributing all events to 
Xc\t we have determined the branching ratio Br(Z —►
XzX + X) =  (7.5 ±  2.9(stat.) ±  0.6(sys.)) x 10“3.
Assuming that only Xc\ are produced in b decays, we 
obtain a branching ratio Br(b —^ ci +  X) =  (2.4 ±
0.9(stat.) ±  0 .2(sys.)) x 10- 2
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